Sesleria uliginosa Opiz is a north-central European grass species occurring mainly in the lowlands and uplands of Europe [1] . The species is recorded in the red lists of vascular plants due to its rare occurrence and the considerable threat to habitats, in which this species occurs: e.g. in Poland, Slovakia, Czech Republic, Latvia,. It could be found in mire vegetation or wet meadows, and rarely in dry calcareous or gypsum grasslands. The rich fen communities with this taxon are classified within the Caricetalia davallianae order as Seslerietum uliginosae (Hungary [5] Sesleria uliginosa rarely occurs in Poland. It is known from the Małopolska Upland and a few localities occur in the Śląsko-Krakowska Upland [18] . It is encountered in two types of habitats, that are extreme in terms of humidity: wet habitats (which include fens from the Caricetalia davallianae order and wet meadows from the Molinietalia order) and dry habitats (xerothermic grasslands of the Festuco-Brometea class). The presence of wet meadows from the Molinietalia order with the contribution of Sesleria uliginosa in the area of the Małopolska Upland, was emphasized by who, on the basis of representative relevés, described them provisionally as "the community with Sesleria uliginosa". Later, communities from the Caricetalia davallianae order were studied in detail by Głazek [20, 21] . Towpasz and Stachurska-Swakoń [22] studied the extant sites of this species in fen communities, as well as changes that had occurred within them after 25 years. Recently, the occurrence of wet meadows with Sesleria uliginosa (Molinietalia order) was reported from the Śląsko-Krakowska Upland [23] .
by Medwecka-Kornaś in 1959 [19] . Kozłowska [24] reported this community from the villages of Chotel Czerwony, Skorocice, and Aleksandrów in the Nida Basin of the Małopolska Upland. Medwecka-Kornaś [19] confirmed the occurrence of this community at the two first sites, and additionally recorded its presence in Winiary. The association only appeared in small patches, on the steep and exclusively northern (north-eastern, north-western) slopes of gypsum hills. The patches have developed on humic rendzinas [19] . The few other localities of this association, however without phytosociological documentation, were reported by Medwecka-Kornaś [25] and Łuszczyński and Łuszczyńska [26] from the Nida Basin. All sites of the Seslerio uliginosae-Scorzoneretum purpureae association known up to the 1950s were enclosed in areas designated xerothermic nature reserves. Towpasz and Stachurska-Swakoń found new localities of this rare association during field studies in the Nida Basin in years 2009-2010 [27] . The patches were recorded in the surrounding of the villages of Sielec, Skotniki, Sułkowice, and Wiślica. The exclusive occurrence of Sesleria uliginosa (against S. caerulea) on the area of the Nida Basin was confirmed on the base of cytological and taxonomical studies [19, 27, 28] .
The aim of this paper is to assess the possibility of maintaining the xerothermic grasslands with Sesleria uliginosa in the light of the changes that have occurred since the first description of this community.
Material and methods
The phytosociological materials used for the study came from three periods: (i) 1920s -the first description of the community by Kozłowska [24] (5 relevés); (ii) 1950s -study of Medwecka-Kornaś [19] As the association develops in small patches in very distinctive habitat conditions (northern slopes of gypsum hills in the Nida Basin) and according to available descriptions of the sites, it is highly probable that the relevés were made in the same localities. In the presented study the authors decided to include also a few relevés made by them that originated from other localities; namely nature reserves dedicated to xerothermic vegetation (Fig. 1) . The phytocoenoses have a similar character in terms of habitat conditions, management and species composition [27] . Generally, the analysed relevés come from the following nature reserves: "Przęślin", "Skorocice", "Winiary" [19, 24, 27] and "Góry Wschodnie", "Krzyżanowice", "Skotniki Górne", and "Skowronno" [27] .
The similarities between relevés were calculated using the UPGMA classification with cover-abundance values (Ružicka coefficient) and the SYNTAX 2000 software package [29] . Detrended Correspondence Analysis (DCA, MVSP, [30] ) was applied with the cover-abundance values, in order to define the main dynamic tendencies along the time gradient. Correlations between DCA axes and selected variables measured for individual relevés were calculated using Kendal's rank correlation coefficient [31] .
The synoptic table was made for three periods with constancy degree (frequency of every species occurrence, S) and index of coverage (D), that was calculated as total of the mean percentages of coverage of the given species in all relevés, divided by the total number of relevés and multiplied by 100 [32] . The value of that index is independent of the number of relevés and together with the constancy degree and abundance, give a good estimation of the role of species in the communities. The diagnostic value of species follows the work of Medwecka-Kornaś [19] , Medwecka-Kornaś et al. [33] , and Matuszkiewicz [34] .
A total and mean number (per relevé) of diagnostic species from the syntaxonomical units (Cirsio-Brachypodion pinnati, Festucetalia valesiacae, Festuco-Brometea, Trifolio-Geranietea, Molinio-Arrhenatheretea, Quercetalia pubescentis) were calculated for each time period. Additionally, the species were divided into the following functional groups: forbs, grasses, and mosses. In order to characterize the environmental preferences of the species composing the phytocoenoses in different time periods, mean ecological indicator values were calculated (light, moisture, reaction, nitrogen; [35] ). Diversity indices (the Shannon-Wiener and evenness index) were calculated using the MVSP software [30] . To estimate the statistical significance of differences between the characteristics of three research periods, the non-parametric Kruskal-Wallis test was used.
The nomenclature of vascular plants follows Mirek et al. [36] , the nomenclature of bryophytes follows Ochyra et al. [37] .
Results
The contemporary field studies approve the distinctiveness and rarity of the Seslerio-Scorzoneretum purpureae association in the Nida Basin. The xerothermic grasslands with Sesleria uliginosa have always been found on exposed northern, north-western and north-eastern slopes on gypsum hills. The association developed on small areas (8-300 m 2 ), and was always well bordered with surrounding communities. Sesleria uliginosa was one of the dominant species and covered 40-60% of the phytocoenosis. It was accompanied by: Adonis vernalis, Avenastrum pratense, Brachypodium pinnatum, Campanula sibirica, Thesium linophyllon, Peucedanum oreoselinum and Salvia pratensis (Tab. 1). The UPGMA dendrogram revealed three clusters of relevés that correspond with the time of relevés origin (Fig. 2) . The results indicate a higher similarity between groups of relevés from the 1920s and 1950s, when these areas were managed (probably grazed), as compared to relevés from 2010. Additionally, considering the level of similarity within groups, the similarity coefficients are highest among relevés from the 1920s and lowest among relevés from 2010.
While comparing the relevés made in the 1950s with the present-day, changes in the floristic composition of the Seslerio-Scorzoneretum purpureae association can be recorded. The most striking is the smaller number of xerothermic species occurring in particular phytocoenoses (Tab. 1, Tab. 2 and Tab. 3). Out of eight species diagnostic of the association, only Sesleria uliginosa remained with a similar cover. Other diagnostic species became rare, especially, Scorzonera purpurea which seldom occurred in the patches. The visible changes in floristic composition concern the group of species diagnostic of the Festucetalia valesiacae order and the Festuco-Brometea class. Many species, once common, no longer occur, such as Campanula glomerata, Scabiosa canescens, Veronica spicata. Some taxa, such as Astragalus danicus were less frequent. Overall, the total number of species diagnostic of the FestucoBrometea class changed from 56 in the 1950s to 46 in 2010 (Tab. 2). The changes also concerned the Trifolio-Geranietea species. We did not find Anemone sylvestris, and other taxa were less frequent. The differences in the diagnostic species of xerothermic grasslands were statistically significant over the study period (Tab. 3). It is worth noting an increase of grasses in contemporary phytocoenoses in terms of number of species, degree of cover and index of coverage (Tab. 1, Tab. 2). To the group with a markedly higher coverage index belong: Avenula pratensis, Brachypodium pinnatum, Briza media and Dactylis glomerata. At the same time, the role of mesophilous species has increased recently as they were characterised by a higher index of coverage. Additionally, single specimens of shrubs (Crataegus sp., Frangula alnus) were noted in the contemporary patches of phytocoenoses.
A considerable reduction was apparent in the bryophytes layer. The mosses profusely covered the patches (40-60%) and their occurrence was regarded as a characteristic feature of the association. Currently, the coverage of mosses does not exceed 10%. Abietinella abietina, Homalothecium lutescens or Thuidium phillibertii were among the species now absent.
Diversity indices decreased between 1950 and 2010 (Tab. 3). The number of species recorded in the last period in a single patch was smaller, while at the same time, the cover of the herbaceous layer was higher when compared to the 1950s. The mean indicator value for nitrogen increased with statistical significance, whereas the indicator value for reaction decreased between 1950s and 2010.
The diagram of the DCA showed three groups of relevés as revealed by the 1st Axis. These groups of relevés correspond to the time of their origin (Fig. 3) .
Relevés made in the 1920s and in 2010 are located at the opposite ends of the 1st Axis. The diagram also points to the higher homogeneity within the relevés from 1920s and the considerably lower levels present in the relevés from 2010. The indicator of the Festuco-Brometea species was most strongly correlated with the 1st DCA Axis (Tab. 4). The only statistically significant correlation with the 2nd Axis was a variable representing the value of the nitrogen indicator. 
Festuca rupicola V 1900 II 73 IV 1364
Arabis hirsuta V 10 III 4 . .
Ranunculus bulbosus V 402 III 74 II 3
Campanula glomerata . . III 144 . .
Tab. 1 The synoptic table of
Seslerio uliginosae-Scorzoneretum purpureae from 1920 to 2010 in the Nida Basin. 
Discussion
Analysis of changes in the species composition revealed the process of slow succession, which is currently underway in the phytocoenoses of Seslerio uliginosae-Scorzoneretum purpureae. The species richness of the community has decreased. The diagnostic species of the association, Cirsio-Brachypodion pinnatii and Festucetalia valesiacae have either vanished or become less frequent. This process can be related to the lack of appropriate land use that was stopped or reduced, after the establishment of nature reserves. The majority of the steppe reserves in the area of the Nida Basin (like "Przęślin", "Winiary") was established in 1960. The steppe reserve "Skorocice" was under legal protection from 1947 but the area was used by the local population until the late 1950s [19] . According to localities of the Seslerio-Scorzoneretum, it could be assumed that grazing is needed for maintaining the floristic composition of the patches, known from time the community was described. The succession of xerothermic grasslands, caused by lack of appropriate land use, has been observed in different parts of both Poland and Europe (e.g. [38] [39] [40] [41] [42] [43] [44] ). As the xerothermic species are characterized by a transient seed bank [45] [46] [47] , the lack of a suitable regeneration niche could lead to a reduced diversity of species. Various experiments have shown that for maintaining calcareous grassland, which has similar habitat conditions to gypsum grasslands, there is a need for different management practices such as grazing, mowing, formation of gaps or even sowing seeds [48] [49] [50] [51] [52] [53] . The results of experimental grazing by goats and sheep on the Góra Zborów Nature Reserve (Kraków-Częstochowa Upland), highlighted the fact that hill grazing 
Tab. 1 (continued)
Source of relevés: A -1920s [24] ; B -1950s [19] ; C -2010 [27] . D -index of coverage; ml -moss layer; reg. -regional; S -constancy. creates favourable conditions for plants and animals typical of xerothermic grasslands [48] . As in the presented study, an increase in the cover of high grasses and some perennials during the succession of calcareous grasslands is often reported [38, 39, 44] . The fast expansion of these species linked with excessive fertilisation of grasslands with nitrogen compounds from the air, is regarded as one of the principal causes of the reduction of the richness of the calcareous grasslands [54] . On the other hand, species with extended vegetative spread have a greater chance to develop and dominate the vegetation. The presence of these plants through the type of growth and development of thick felt, as well as the phenomenon of allelopathy, bring about the reduced possibility of germination for other species. In particular, the calcareous species have difficulty germinating and establishing themselves in thick litter layer and dense vegetation. Very helpful in the formation of gaps are animals such as goats or sheep.
In the course of succession in the old grasslands, the increase in number and coverage of shrubs is usually reported (e.g. [44, 49] ). Their occurrence often causes a series of changes in species composition. The high density of shrubs result in herb layer being overshadowed, which prevent heliophilous xerothermic species from penetrating and becoming established in such places. However, in our study only single specimens of shrubs were observed. This result could be connected with the conditions of habitats where phytocoenoses of SeslerioScorzoneretum occur. The shallow soil layer on the northern, rather steep slopes on gypsum hills, and the long distance from source of shrub and tree seeds, could be the reason for the slow establishment of shrubs and trees. Specific chemical Tab. 4 Rank correlation (value of Kendall's τ) between 1st and 2nd axis DCA and some variables of the Seslerio uliginosae-Scorzoneretum purpureae association.
* 0.01 < p < 0.05. ** 0.001 < p < 0.01. *** p < 0.001.
and moisture features of gypsum soils are likely to inhibit the growth of tree and shrub seedlings [19] . The significance of soil thickness for maintaining species richness in calcareous grasslands was stressed [38] . Strong influence of climatic conditions, such as temperature or precipitation during the early spring period, was reported in studies where small changes in calcareous grasslands were observed [55] . Our results suggest that without appropriate management, we could expect the change of Seslerio-Scorzoneretum purpureae to mesophilous grasslands with a dominance of tall grasses and forbs. However, Sesleria uliginosa does not seem to be a threatened species. The occurrence of this grass creating dense tussocks is highly connected with the presence of calcium in the substratum, whereas the moisture conditions are not a limitation for the species. It is believed that Sesleria uliginosa belong to the "core species" of the described community, with the tussock form and slow rate of growth.
